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CHAPTER I

INTRODUCTION

The purpose of this paper is to present a detailed plan of alter
native ways cind means to reclaim the four mine and spoil areas on
Contrary Creek in Louisa County, Virginia.

A history and description

of the high mine seepage areas will be given as needed background
information in order for the reclamation project to become a reality.
Much of this seepage has been causing pollution problems to Contrary
Creek and surrounding areas for the past 100 years and longer.
The four mines, as they are located from the farthest upstream
down, are the Arminius Mine owned by the New Jersey Lead and Zinc
Company, the Boyd Smith Mine owned by M r . and Mrs. Ray Mallory,
the Sulphur Mine owned by the Glatfelter Pulp Wood Company, and
the Allah Cooper Mine owned by Mrs. Mary Judd.

(See Figure 1.)

The basis of this study was the field work which was begun in
May, 1972, and completed in January, 1973.

This time period

permitted the areas to be studied during the different seasons, which
gave varied changes and effects of temperature, rainfall, plant
growth, equipment mobility, and freezing and thawing on the areas.
Many reclamation ideas, and some very general plans, have
1

CONTRARY CREEK
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Owner’s Name
Purcell, J. S. Lumber Corp.
Walton, Mrs, Elizabeth T .
Fisher, W. G. & R. C.
The New Jersey Zinc Company
The New Jersey Zinc Company
The New Jersey Zinc Company
Lett, Margaret
Mastin, D. P.; Bernard Chewning;
Dickinson, Robert & V . Earl
Towsey, Walter
Hendrian, Lillian
Cooke, W , A ., Inc.
Self, Mrs. Grace Cabell
Cooke, W . A ., Inc .
Cooke, W. A ., Inc.
Boyce, Madson F. & wife
Mallory, Ray
Miners Chapel
Cooke, W. A ., Inc.
Ashley, Upton S. & Ida B.
Bowles, J . H.
Quarles, Mrs. S. J.
Jackson, Robert H. & Margaret V .
Harris, Thomas & Georgia
Glutfelter Pulp Wood Company
Louisa County School Board
Gray, Moses & Pauline
Grymes, Manley C.;
Sm ith, Edna G . & Oscar H .
Forked Run Mining Company
Mastin, D. F.; Bernard Chewning
Mason, C. H.
Jackson, Willis & Edith
Thomas, Johnny Byrd
Cofer, Dr. J . M .
Thomas, Sadie
Judd, Mrs. Mervyn Lee
Judd, Mrs. Mary C.
Fisher, Willard G.
Judd, Mary
Ware, Marvin R.
Lumsden, N . H.

Acres
373.00
11.50
99.50
0.41
17.91
332.05
239.75
37.81
1.50
34.00
3.00
0.50
1.00
5.00
390.00
1.65
2.00
70.50
3.00
1.00
34.76
1596.45
3.28
8.05
2.01
67.00
16.00
63.00
5.00
6.50
76.00
20.12
114.00
205.61
268.75
684„00
115.87
84.00

CONTRARY CREEK
M AP

MINE SITES
A. ARMINIUS
B. BOYD SMITH
C. SULPHUR
D ALl-WH COOPER

LEGEM)
HK3HVNJRYS —
ÜNHMPIOVÇD ROADS — —
RAILROADS m m m
PROPERTY BOUNDARIES-----MINE DUMP 0

Figure 1
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been presented for these mined areas over the past forty years.

These

have involved a few detailed studies of certain aspects of the problems,
such as water pollution, the effects on fish and other wildlife, and the
geology and mineralogy of the areas.

But to date there have been no

implementation efforts toward restoration, except for some plant
material studies carried on by the Soil Conservation Service of the
U.S. Department of Agriculture during the past ten years.
Currently the State Water Control Board of Virginia has applied
for a demonstration grant from the National Environmental Protection
Agency(EPA) to reclaim the denuded areas.

The grant will depend

on a feasibility study and a restoration plan by consulting engineers.
The assistance will be in the form of a 70-30 grant under the Water
Quality Act.

The Federal Government would provide 70 per cent of

the funds with the remaining 30 per cent from the local sponsors.

To

be eligible for this grant the entire Contrary Creek watershed must
be included and the reclamation work will have to be permanent.

The

reclaimed mines will not be permitted any future operations.
The 30 per cent cost share from the local sponsors does not
have to be in the form of money.

All labor and materials put into

the project by local people and firms, and the time and technical
services of all state agencies can be charged against the 30 per cent. ^

^Minutes of the Soil Conservation District Meeting on Contrary
Creek, James Madison Building, Louisa, Virginia, October 13, 1971,
p. 1.

5
The enclosed work, which presents a logical and practical
approach to the problems, should be of very real assistance to the
required engineering study.

It is hoped that by the use of the simple

conservation practices and waste material ideas presented, a favor
able feasibility study can be developed.

CHAPTER II

HISTORY OF THE MINES

The Louisa County pyrite mines on Contrary Creek have been
worked at different times for iron, copper and pyrite.

They were

first opened and worked for iron ore in 1834 when the Arminius
gossan, or limonite cap, overlying the pyrite to a depth of from forty
to sixty feet, was mined for iron-making in the local furnaces.

The

gossan at the Arminius mine was practically exhausted in 1861 , but
that at the Sulphur mines was worked during the Civil War.
The Arminius mine was worked for copper as early as 1847.
It was operated for copper at a later date and prior to the mining of
pyrite by the Virginia Central Copper Mines Company; and at a still
later date, by the Arminius Copper Mine Company.

The total produc

tion of copper from the Louisa County Mines is reported as not being
large, and represented ores of secondary enrichment beneath the
gossan and at the surface of the pyrite. ^
Mining for pyrite was begun at the Arminius mine in 1865.
Although there were several changes in ownership, this mine was

^T. L. Watson, Mineral Resources of Virginia (Lynchburg,
Va. : J. P. Bell Co., 1907) pp. 198-99.

rather productive of pyrite until about 1920,

It was mined to a depth

of 1030 feet with numerous drifts off the main shaft.
The Boyd Smith Mine was first worked in 1845 with little
success.

Then in 1886 it was reopened by Boyd M. Smith who

developed three shafts and numerous drifts and mined to a depth of
300 feet.

o

The ore was of excellent quality and a large amount was

mined until 1922.
The Sulphur Mine was opened prior to the Civil War and mined
for iron ore until the late 1860's.

With little activity during the

1870’ s, mining of pyrite was begun in 1882.

The property was devel

oped with eleven shafts and to a depth of 720 feet.
friable ore were mined.
sulphuric acid.

Both hard and

All of the ore was shipped to be used to make

This mine also closed operation in 1922,3

The Allah Cooper was first opened in 1915 as a gold and silver
mine.

It also produced some lead and zinc.

It had one inclined shaft

of 350 feet with drift levels at every 50 feet, with an approximate
total underground development of 1200 feet.

The mine closed down

in 1918 and the surface plant and mill buildings were destroyed by
fire in 1923.

At present the mine is filled with water to the level of

p
Arthur S. Kratz, The Mineralogy of the Sulphur Mine,
Mineral, Virginia, Including a H istory of the Property, Master of
Science Thesis, University of Virginia, 1961. pp. 8-10.
3
Watson, op. c it., pp. 201-02.
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the shaft collar
Records of early analysis made of pyrite ore from the different
mines are compiled in Table I below.

Table I
An Element and Percentage Analysis of Louisa Mines Pyrite

(D
"O

I g
I

f

if)

Î
i

§

I

Ll

I
t

if)

E

I

. Ï
5
if)

I I

O

I

N

^

Source of Analysis
Dr. A , Volcker
London, 1881

48.02

Dr. W. H. Taylor
State Chemist of
Virginia

46.40

Charles Tennant &
Co. Glasgow, 1881

46.90

Unknown

49.64 43.31

42.01

1.93 0.44 7.60

6.2
1.5 0.38

1.32

The heyday of mining activities for these mines was between
1910 and 1920 when about 2,000 people were employed working three

. A. Grosh, Investigation of the Allah Cooper Lead-Zinc
Mine, (Bureau of Mines, 1970). pp. 2-3.
^W. H. Adams, The Pyrites Deposits of Louisa County, Va. ,
American Institute of Mining Engineers Transactions, Vol. 12,
1883-84.

eight hour shifts.

There were large milling plants installed at each

mine and the product shipped consisted mostly of fines, averaging 40
per cent to 45 per cent sulphur.

During these years Virginia produced

more pyrite than any other state, with a maximum of 170,382 tons in
1917, of which a high percentage came from the Louisa mines.
In 1904, mining of sulphur by the Frasch process was begun by
the Union Sulphur Company in Louisiana, and in 1912 and 1919
Freeport Sulphur and Texas Gulf Sulphur began operations in the Gulf
Coast area.

This inexpensive method of mining native sulphur proved

to be too much competition for the Louisa mines and they closed in
the early 1920's .
There have been several explorations made of the different
mines since the 1920’s.

In 1943 the Bureau of Mines made drillings

up to 650 feet deep in the Allsih Cooper Mines for pyrite, but with no
success.

Again the Bureau in its program of mineral deposits explor

ation in 1946 drilled a 400 foot hole at the Boyd Smith Mine.

A self

potential survey was also made, but the results from both the hole
and the survey did not justify further exploration.

In the mid-to-late

1950's the Arminius Mine was purchased by the New Jersey Lead and
Zinc Company.

The company did extensive drilling and excavating

for sphalerite, but with no success.®

^Kratz, o£. c it., pp. 14-15.

CHAPTER III

GEOGRAPHY OF THE AREA

Louisa County is located in the central Piedmont Plateau of
Virginia.
Contrary Creek is situated in the north-central part of the
County, approximately six miles northeast of Louisa Courthouse,
along State Highway No. 522.

The watershed begins at Mineral,

Virginia and the stream flows in a north to northeast direction some
2.5 miles before reaching the first mine site.

From there the stream

winds approximately 4,5 miles past three other abundant mines to
reach its confluence with the North Anna River,

The North Anna joins

the South Anna River to form the Pamunky River which flows into the
York River which empties into the Chesapeake Bay,
Most of the watershed area studied for this paper lies between
Routes 623 to the west, 522 to the east and 22 to the south,

A much

smaller portion is encompassed by Routes 522 to the west, 208 to the
north and 652 to the east.

Its southern boundary is identified by

Contrary Creek,
Transportation facilities are good in the area.

Interstate High

way 64 and the Chesapeake and Ohio Railroad both traverse the
10

11
County from east to west on their way between the cities of Richmond
and Charlottesville.

Highway 522 meets the railroad at the town of

Mineral four miles south of the mines.

From Mineral it is 14 miles

southwest to Interstate 64, via Routes 22 and 609.
streams and towns are shown on Figure 2.

Locations of roads,

It is interesting to note

that when the mines were in full operation in the late 19th century a
standard-gauge branch line was built from the mines to Mineral.

This

was completed in 1884 and connected the mines with the Chesapeake
and Ohio Railroad.

Climate
Louisa County has warm to somewhat hot summers, relatively
mild winters, and normally adequate rainfall.
detailed in Table II

These conditions are

and are pertinent to many aspects of the mine

reclamation ideas presented later in this paper.
The county lies in the path of warm, moist air currents moving
northward and cold, dry air currents moving southward.

These

alternating currents frequently bring sharp changes in daily weather,
but the Appalachian Mountains tend to lessen the intensity of winter
storms influencing the area.
at different times.

The winds vary throughout all directions

Average wind speeds are moderate, generally less

than 10 miles per hour. ^

^Soil Conservation Service USDA, Virginia Polytechnic Insti
tute and State University, Soils of Louisa County, Virginia. Report
No. 16 (July, 1972) pp. 5-10.
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Ft gure 2
LOUISA COUNTY, VIRGINIA
Primary and Secondary Roads
by
Virginia Department of Highways
Scale:

1" - 1.6 miles
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Mean annual tennperatures vary slightly from year to year, but
average about 56 degrees.

Days with temperatures above 95 degrees

and below 15 degrees are infrequent, and prolonged periods of very
hot or very cold weather are unusual.
Precipitation is well distributed throughout the year, varying
from 3,0 inches in October to 4.6 inches in July.

Rainfall is greatest

during July and August due to thunderstorm and shower activity which
is variable in location and time.

Evaporation is high during the

summer months and dry spells of various lengths do occur to the
extent of insufficient moisture for crops and grasses.

At other times

excessive precipitation results in considerable runoff, resulting in
erosion, flood, and siltation damages.^

^Ibid.
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Table II
Temperature and Precipitation
Louisa County
(All data taken at Town of Louisa)®
T emperature
Two years in 10 will have
4 days or more with

Month

Average
Daily
Maximum

Average
Daily
Minimum

Mciximum
T emperatu re
or Higher

Minimum
Tem peratu re
or Less

Degrees Fahrenheit
January
February
March
April
May
June
July
August
September
October
November
December
Year

26
27

65
65
76
86
90
94
97

80
70
59
47

36
27

73
65

8
10
18
29
39
48
54
53
43
30
22
12

68

45

99

30.5

47
49
58
70
78
85
88
85

34
43
53
62
65
63
56
45

95
91
84

®Soils of Louisa County, SCS and Virginia Polytechnic
Institute and State University, 1972. p.?.

15
Table III
(continued)
Temperature and Precipitation
Louisa County
Tem peratu re

Month

Average
Monthly
Total

One year in 10
will have
more
less
than
than

Days now
cover 1" +

Average
depth of
snow on
days with
snow cover

Inches
January
February
March
April
May
June
July
August
September
October
November
December
Year

3.1
3.1
3.9
3.1
3.4
3.4
4.6
4.5
3.2

1.3
1.7
1.1
1.5
1.3
1.6
1.3
1.6
1.0
1.2

5.3
5.4
5.4
4.2
4.8
4.8

5
4
2

4
6
7
0
0
0
0
0
0
0
2
4
5

3.0
3.1
3.4

1.3
2.0

4.8

0
0
0
0
0
0
0
1
3

41 .8

33.4

45.0

14

8.0
6.8
6.4
4.7
5.7

CHAPTER IV

TOPOGRAPHY AND SOILS

The topography of the area is uniform in its development.

The

land surface is gently rolling, consisting of broad, flat hills and
ridges and narrow valleys.

Elevations range from 250 to 400 feet

above sea level.
of "he ! ieed areas are e;oderately steep in slope, ranging
from 12 per cent to 20 per cent along the hillsides between the bottom
land and hill crest.

The mine spoil areas are located mainly in flood

plains of 0 per cent to 2 per cent slopes.
From a geological standpoint the mine areas lie in the Piedmont
physiographic province of Virginia under which lay a complex of
schists, gneisses, and granites.
also present in some places.

Slate, quartzite and limestone are

This complex is intersected locally by

intrusions of basic eruptive rock.

The formations have been greatly

altered by metamorphism, and it is thought the ore lenses were
formed by metasomatic replacement of limestone by sulphides. ^
An understanding of the soils in the mined areas is basic toward

^Ibid., pp. 8-10.
16

17
planning for reclamation.

The mine shaft entrances and areas of some

piles of tailings are located in the upland Piedmont soils of the TatumNason-Manteo Association.

This association is dissected by intermit

tent and permanent streams and has a well-defined drainage pattern.
The soils are of residual origin formed from weathered products of
sericite schist.
Tatum silt loam is found on the gently sloping to moderately
steep hilltops and edges, ranging in slope from 2 per cent to 15 per
cent.

It is a deep, well-drained soil with a surface soil of friable

loam, eight to twelve inches thick.

The subsoil is a heavy silty clay

loam to clay of twenty-six to forty-six inches thickness with 30 per
cent to 40 per cent silt plus very fine sand

It is located in the

approach and building areas of the mines.
Nason silt loam is deep, well-drained soil in the area, occur
ring on slopes ranging from 2 per cent to 25 per cent.
soil type in the location of the mine shafts.

It is the main

It has a very friable silt

loam surface soil of eight to eleven inches in depth.

The subsoil is

firm, silty clay, clay, silty clay loam, twenty-eight to fifty-four
inches thick.

It contains 35 per cent to 50 per cent clay and 30 per

cent to 40 per cent silt plus very fine sand.®

^Soils of Louisa County, USDA-SCS, VP I and State University,
Report No. 16, July, 1972, pp. 10-56.
®Ibid.
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Manteo shaly silt loam occupies the hilly side slopes along the
drainageways between the Nason soils and the flood plains.
rsuige from 15 per cent to 45 per cent.

Slopes

It is a shallow, excessively

drained soil with 20 per cent to 50 per cent schist fragments found in
the profile.
thickness.

It has a six to twelve inch shaly silt loam surface soil
The subsoil is a shaly silt loam which is four to eight

inches thick.^ The manteo soils are in the area of slag dumps, mine
seeps, and a few shaft openings.
The other soils in the mined areas are classified as Mixed
Alluvial Land.

This is a moderately deep alluvial soil in which no

definite profile has developed.

It consists of material that has washed

down from soils on the uplands of the watershed and deposited on the
first bottoms adjacent to Contrary Creek,

The material near the

surface is mottled gray and brown, while the underlying material is
stratified sand, silt, and clay.

The slope is from 0 per cent to 1 per

cent and the area is subject to rattier frequent flooding.

The above

soils are located on the soils map in Figure 3.
Much of the mine overburden spoils and tailing from the milled
and washed ore were spread over or piled in these flood plain areas.
They represent the most critical aspects of restoration.
Table III interprets the suitability of each of the four soils types
on which mine reclamation is needed.

^Ibid.

These interpretations are for

19
those items which will be an influence on or a part of the reclamation
work.

I

20

W

Figure 3

1

Soils Map
of Mine Areas
«

Legend
Scale —4” = 1 mile
Soil Boundary Soil Types:
1 , 8 “ M ixed Alluvial
56, 56, 57 Tatum S il,S iC l, I
58, 60

-

Nason Sil , I

59

“

Manteo Sil
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Table III
Soil Suitability Interpretations^

Soil

Grasses *
Small
Tall
Grain
Grasses

Trees **
Virginia Loblolly
Pine
Pine

Short
Leaf Pine

(7-25% slope)
Nason Sil

G

G

G

G

G

(7—
15% Slope)
Tatum Sil

G

G

G

G

G

(7-45% slope)
Manteo Sh Sil

P

P

F

G

F

(0-2% slope)
Mixed Alluvial
(Mine Wash)

P

P

F

P

P

*

see legend for Grasses and Structural Measures interpretations,
page 13.

* *

legend for Forest Tree Site Quality Interpretation
Site Quality

Species

Poor

Fair

Good

Excell

Virginia Pine

55-

56-64

65-75

764-

Loblolly Pine

65—

66-75

76-84

854-

Short Leaf Pine

50-

51-59

60-69

704-

All tree suitability interpretations are projected on a site index which
is a growth rate indication on tree height at 50 years of age. This
system is used by foresters to determine productivity of a soil for the
different species.

^Information in part from the Soil Survey Orange County,
Virginia, USDA-SCS and Virginia Agricultural Experiment Station,
1971. pp. 76-159. (Publication)
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I
Table III
(continued)

I

Soil Suitability Interpretations
Structural Measures

(0
•D
(0
0
0:

I

(0
■O
c
0
Û.

cn
0)
Ü
(0
L
L
Q>
h

§
I

>

5

I
I

X

§
L

C

II
lo

H ^ 15

III

U) Ü
JÛ

Soil
(7-2S54dope)
Nason Sil
(7-15% slope)
Tatum Sil

F

F-G

F-G

G

F-G

(7-45% slope)
Manteo Sh Sil
(0-2% slope)
Mixed Alluvial
(Mine Wash)

*

Good

Designates soils which, in most places, will react satis
factorily for the designated uses.

Fair

Designates soils which may or may not react satisfactorily
for the designated uses. Some on-site investigation will be
needed to help determine what problems, if any, exist and
necessary meeisures which may be needed.

Poor

Designates soils which in most cases will not react satis
factorily for the designated use. On site investigation may
reveal some limited areas which may react satisfactorily.
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Table III
(continued)
S o il S u it a b ilit y

E s tim a te d

E n g in e e r in g

A
:
3
Ü^
(0 (d

t

2

0)

(0

§ 5

d TO -Û
m

P r o p e r tie s

èî

L

3

In te r p r e ta tio n s

d

Q I (0I h

p
c ü
t u
(D C

If

3 ^ (/) ij_
+3 Ü Û) O
0) (0 £ _
6 ^ Ëu

Û. O < ^ Ü

L

C
o

+J
d
a

II

0

^

§

0

0)

li
t
r

B
o

m Û.

Soils
(7-25% slope)
Nason Sil

4-

(7-15% slope)
Tatum Sil

4-

(7-45% slope)
Manteo Sh Sil
(0 - 2 % slope)
Mixed Alluvial
(Mine Wash)

10

0.63
’

10’

10

’+

0.18
0.23

20-28

Moderate

2 .0

0.18
0.23

20-35

Moderate

6.3

0.18
0.23

18-22

Low

14-18

Low

2 .0

0.63
10

’+

1^
2%
'

10

-

2 .0

0.18

1 )^’

6.3

0.12

0

5'+

’+

CHAPTER V

CURRENT PROBLEMS OF THE MINED AREAS

Lack of Vegetative Cover
There are some 316 acres of denuded waste land made up of the
mine areas and plantless flood plains in the Contrary Creek Water
shed.

These acres have remained in much the same condition during

the past fifty years since the four mines were shut down.

The acid

mines and slag piles continue to act as productive wombs spewing
forth highly mineralized and acidized waters, which are toxic to plant
and animal life.

This is seen in the seemingly sterile soils of Figure

4 and the yellow sulphur seepage of Figure 5.
Complete water quality chemical analyses of waters in the
subject area are non-existent except for those shown in Table IV
which were done by the Ground-Water Investigations Section of the
Virginia Division of Water Resources.
In the mid-1950’s landowners affected by the mine and spoil
drainage sought reclamation help from the Thomas Jefferson Soil and
Water Conservation District, which encompasses a five-county area,
including Louisa County,

The District, as a political subdivision of

the state government; is charged with the responsibility of proper
24

25

F ig u r e 4
The Sulphur Mine tailings are s till denuded 54 years after the last
mine operations.

Figure 5
The piles of mine tailings at the Sulphur Mine continue to seep
sulphur, as shown by the yellow layers, into the Contrary Creekbed

Table IV''
Contrary Creek Chemical Analyses of Surface Water Mineral
Constituents in Milligrams per Liter (laboratory analysis)^

Sample
Number *
I

IT

Date

Sample
Source

1-25-72

Spoilbank flow

1-25-72

Stream

Fe
I
II

*

Specific
Conductance

pH

1250

2.9

12.0°

31.0

250

3.5

11.0°

4.0

H+

F

Temperature (cent.)

SlOp

NO3

Ca

PO4

Mg

Na

K

SO^

Cl

36.0

3.9

2 .2

470.0

15.0

3.9

2.7

1.4

66.0

4.8

TPS

Hardness

9.5

7.6

1.0

32.0

2.1

0.03

796

220

0,54

0 .8

0 .2

13.0

1.0

0 .0 0

103

26

Color
10

5

The sample numbers are located on Figure 1 as I and II.

Geohydrologic Water Quality Relationship in the Contrary Creek Area,
R. F . Bower and T . M . Schwarberg, Report of the Virginia Division of Water
Resources, 1972. p. 4.
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land use policies as related to the conservation of the state’s natural
resources.

To carry out these responsibilities, the District was

granted technical assistance of the different departments and agencies
of both the state and federal

governments through Memorandums of

Understanding.
The Soil Conservation Service (SOS) of the U . S . Department
of Agriculture works closely with the local Soil Conservation Districts.
In 1957 the Thomas Jefferson District requested the SCS to take soil
samples of the mine areas for plant cover interpretations and to make
some plant material studies, which w ill be discussed later in this
paper.
The results of the soil sample testings, which were done in
1957, 1961 , 1964 and 1968, are shown in Table V .

The low pH and

low amounts of the major plant nutrients, which are nitrogen, phos
phate and potash, are the main reason for the complete lack of plant
life.

The nitrogen is indicated in the soil samples by the percentage

of organic matter.
Most of the soil samples were taken in the same general loca
tions each sampling year as expressed in the remarks column of
Table V .

The persistent low pH during the ten year period shows

little indication of natural improvement in the area.

Although in a

few samples the readings were medium and high for one or two of the
major plant nutrients, the high acidity restrains them from becoming

Table V
Soil Test Results Taken in the Mine and Spoil Areas of Contrary Creek
Phosphate
Year
1957
1957
1957
1957
1957
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961

Number
1
2

3
4
5
1
2

3
4
5
6

7
8

9
10
11
12

13
14
15
16

Ca
3.3
3.8
3.5
4.3
4.4
3.2
3.3
3.1
3.4
3.3
3.4
4.0
4.1
3.3
2.5
2.9
2.4
3.3
3.4
3.2
3.1

L
L
M
M
M
L
H
M
H
M
L
L
L
M
L
L
H
L
L
L
L

Mg
L
L
H
M
L
L
M
H
H
H
M
L
L
H
M
M
M
L
L
L
L

Potash

P205

K2 O

L
L
M
L
M
L
L
L
L
L
L
L
L
L
L
L
M

L
L
L

1_

L
L
L

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

Organic
Matter
1 .0
0 .6

1.5
3.2
2.4
0 .8

0.9
1.7
1.3
0 .8

1.5
0.9
1.3
0 .6
1 .0

Remarks
* Parcel #29
Bottomland of mine overflow
Tf

11

11

M

11

11

11

11

11

11

11

It

Parcel 16, tailings overburden
11

11

It

11

11

It

11

11

11

11

11

11

11

11

11

Parcel 16, bottomland overburden
II

11

11

11

11

11

Parcel 37, bottomland overflow

0.5

11

11

11

2 .9

11

11

11

0.3
0.9
0.3

11

It

11

11

11

11

11

11

It

11

11

11

0 .8

Refer to Figure I for owners and location of land parcels.
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T able V (continued)
Soil Test Results Taken in the Mine and Spoil Areas of Contrary Creek
Phosphate
Year
1961
1961
1961
1964
1964
1964
1964
1964
1968
1968
1968

Number PÜ
17
3.4
18
3.6
19
3.1
3.4
1
2
3.0
3
2.3
4
3.5
5
3.6
1
3.3
2
3.3
3
3.3

Ca
L
L
L
L
L
L
L
L
L
L
L

L
L
M
L
M
M
L
L
H
H
H

P2 O5
L
L
L
L
L
L
L
L
L
L
L

Potash
K2)_
L
L
L
L
L
L
L
L
L
L
L

Organic
Matter
0.3
1.0
0.3
0.4
0.4
0.4
0.4
0.4
0.1
0.1
0.1

Remarks
Parcel 37, bottomland overflow
II

II

II

II

II

II

Parcel 16, tailings overburden
II

II

II

II

II

II

Parcel 37, bottomland overflow
II

II

II

Parcel 16, tailings overburden
II

II

II

II

II

II

Legend
Meaning of Symbols^

Symbol
VH
H
M
L
Soil Record Sheet, Extension Service Form N. 48, 1970,

Minerals
Very High
High
Medium
Low

Organic
Matter
Above 3%
2-3%

1- 2 %
Below 1%
ro
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available to the plants.
Soil test numbers one, two and three for parcel 16 show a
definite depletion of organic matter and calcium during the eight year
period although there is little change in the pH, This depletion can be
expected to continue with a greater loss of plant cover on the fringe
areas if

nothing is done toward correcting the deteriorating effects

of the mine area runoff and seepage.

Erosion and Sedimentation
Due to no soil cover, erosion continues to be the biggest prob
lem and cause of pollution in the area.

The approximately forty-two

inches of rainfall delivers about 8.5 cubic feet per second (CES) of
annual runoff from the ten square mile watershed area of Contrary
Creek involved in this study.
factor of

This gives an average yearly runoff

.85 CES per square mile, which would be increased some

80 per cent to 90 per cent in the mine areas.^ This is due to lack of
soil cover.

The spoil areas have become quite stratified and the top

layer seems to be firmly packed, which increases runoff.
The acid runoff is the main cause of the continual chemical
breakdown of pyrite materials, which hasten the heavy metals into
solution.

The spoil piles of overburden and tailings appear to be

Virginia Division of Water Resources, Ground-Water Investi
gations Section, Geohydologic-Water Quality Relationship in the
Contrary Creek, Louisa County, Virginia, a report to the Virginia
Soil Conservation Commission, March 1972. pp. 3-5.
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scattered over the entire areas, which remain denuded.

These

deposits range in depth from a few inches up to twenty-eight feet and
they are the prime incubators of sulfuric acid and heavy metals.

With

the displacement of soil from higher to lower elevations, siltation is
caused to some degree in the immediate area and to a large degree on
off-si te areas. This siltation means soil overlays, clogged stream
channels and concentrated acid and heavy metal deposits.

Mine and Shaft Seepage
Ground water and mine seepage are replenished by deep perco
lation of direct rainfall and perhaps to some small extent by percola
tion of stream flow.

Water moves moderately well down through the

soil profile, but the movement becomes quite slow when it reaches
the parent material and must move through intergranular,
and fracture openings.

foliation

This downward drainage through the soil and

parent material may to a small extent reach the mine and shaft areas,
but mainly the water movement is in a more horizontal direction after
it reaches the platy structure of the schist parent material,

The main

mine and shaft flows would seem to be from topographic areas outside
the watershed, ^

In all observed instances these flows quickly reached

the streams and were carried off-site, causing secondary damages
to the mined areas in comparison to the above surface runoff.

^Ibid., pp, 9-10,

i
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An empirical study of the wells and springs in the area revealed
the water from both to have only a slight degree of hardness, an indica
tion of the degree of mineral content,

Mrs. Ray Mallory, who lives

just downstream from the Boyd Smith Mine, stated, "My spring water
is so pure that people come from miles around to get use of it for
battery water." M r. W. H. Boyle, retired mine superintendent from
the Sulphur mines, and M r. W. R. Stanley, owner of the local general
store who started to work in the mines when he was fourteen years of
age, both stated that they knew of no hard water wells or springs in
the area.

With this being the situation, it would seem that the water

table supplying the wells and springs moves down from topographically
higher areas outside the Contrary Creek watershed, which is normal
for the Piedmont section.

This situation strongly indicates that there

is little water movement from surface percolation down to the stratas
being used for water supply due to the general impervious nature of the
bedrock material.

This is important from the surface treatment and

ground water pollution relationship.

Low pH and Heavy Metal Movement
The production of acid water, low pH, is effective in relesising
many elements which become even more toxic than acidic when concen
trated in the area.

The chemical quality of water in and around the

spoil piles differs from place to place, but above average concentra
tions of heavy metals are quite prevalent.

Of the metals tested, the
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only ones which cause problems are zinc, iron, copper and manga
nese.^ The levels of these four metals are more than high enough to
kill aquatic life.

The spoil areas contain an abundance of iron sulfide

and because of their exposure to the atmosphere, oxidation is progres
sing at a high rate, making the sulfate radical the dominant anion in
the runoff which moves over the land area and into the stream.®
The Bureau of Water Quality Control did a chemical survey of
the water in Contrary Creek in November, 1972.

Samples were

collected at thirty-six different stations. The analysis showed varying
amounts of lead and cadmium present, but not to the degree of causing
problems at this time.

But lead is a cumulative cellular poison.

Chronic lead poisoning is unusually difficult to diagnose and there is
always the possibility of synergistic interactions with other poisons.^
"Such synergistic interactions can occur within the
body and thereby intensify the environmental hazards.
An example of this is the interaction between nitrilotri—
acetic acid (NTA) and metals such as mercury and
cadmium. This synergism is typical of the tendency of
metals to form complexes with certain organic compounds
that may sharply differ in their chemical and biological
properties from either of the separate constituents."®

^Contrary Creek Feasibility Study, Virginia State Water Control
Board, 1972, pp. 8-9.
®Ibid. , p. 9.
^Paul R. Ehrlich and Anne H. Ehrlich, Population, Resources,
Environment, W . H. Freeman and Co. U .S .A ., 1972, pp. 165-167.
®Barry Commoner, The Closing Circle, 1971 , Alfred A. Knopf.
Inc., pp. 222-223.

CHAPTER VI

OFF-SITE DAMAGES OF
MINE AND SPOIL LEACHATE

Water Qualtty Deterioration
Though the population of the county was 13,761 in 1967, the
population density of Contrary Creek is nearly zero, with 90 per cent
to 95 per cent of the area being in woodland. ^ The real problems of
poor water quality are caused downstream from the mines and water
shed.

The high acidity and heavy metal concentration carry down

stream some ten to twelve miles, according to local reports.

In

addition to eliminating aquatic life and causing damage to water-based
recreation equipment, the poor water quality will be a real problem
for use as a public water supply which can be expected to develop due
to a sizable lake being created in the downstream drainage.
This type of water quality deterioration comes under the juris
diction of the Federal Water Pollution Control Act, as amended by the
Water Quality Act of 1965.

This amendment authorizes the State and

Federal Government to establish standards for interstate waters.

^Economic Data Summary Louisa County, Division of State
Planning and Community Affairs, 1969, p. 4.
34
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The Water Quality Standards developed by the states are subject to
review by the Department of the Interior.

If the states do not develop

standards, or develop standards inferior to those of the Department
of the Interior, then the Department will set them,
Through the years Contrary Creek's pollution problems have
been overlooked, due to lack of funds, other more pressing water
quality problems, and several instances of political involvements.

In

1970 the mine pollution was declared to be in violation of Virginia
water quality standards by the State Water Control Board after the
Board had classified all free flowing tributaries of the York River as
IIIA .

A body of water designated IIlA is classified as a free flowing

stream somewhere between the crest of the mountains and the coastal
plains. The waters are generally satisfactory for use as public or
municipal water supply, secondary contact recreation, propagation
of fish and aquatic life and other beneficial uses.

The specific water

quality standards for IIIA waters are as follows:^

Dissolved Oxygen:
Minimum
Daily Average

4.0 mg/1
5.0 mg/ 1

pH

6.0-8.5

T emperature:
Rise above natural
Maximum

5® F
90° F

^George M . Simmons, J r . , Lake Anna Pre-Impoundment Study,
VPI, 1970, pp. 7-8.
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CoTiform Organisms:
Monthly average value not more than 5000/100 ml
(MPN count)*
Not more than 5000 MPN in more than 20 per cent
of samples in any month
Not more than 20,000 MPN in more than 5 per cent of
such samples.
*The density of the Coliform group expressed as - most
probable number/ 1 0 0 ml of water.

Possible Damages to Lake Anna
On January

10

, 1972, construction crews plugged a mile long

dam across the North Anna River in Louisa County, giving birth to
Lake Anna.

The 8.5 mile drainage of Contrary Creek flows into the

reservoir midway its length.

The lake filled to its normal pool eleva

tion of 250 feet above sea level in January, 1973.

It was built at a

cost of more than one billion dollars and will provide cooling water
for Virginia Electric and Power Company’s (VEPCO) four-unit
nuclear power station located on the south shore of the lake just down
stream from the confluence of Contrary Creek.

The net capacity of

the four units is four million kilowatts and two additional units will
be completed by 1978.
The lake as shown in Figure

6

has a surface area of 13,000 acres,

is 17 miles long and has a total shoreline in excess of 200 miles.
There is no town in the watershed with a population of more than
3,000 and water is of good quality except for the drainage from
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Figure

6

The North Anna Reservoir showing the
Contrary Creek Cove and Watershed

Map by courtesy of
Theodore J . Wtrth & Associates Company
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Contrary Creek.
"Within the 26 county region of Virginia which surrounds
the lake live 1,809,906 people. By 1980, according to the
Virginia Division of Planning cuid Community Affairs, there
will be 2,288,000 persons in this area and by 2 0 0 0 there
will be 4,686,000."^
There are five public recreation areas planned for Lake Anna,
one of which will be located on the west side of the 660 acre cover
formed by Contrary Creek confluence with the lake.
area will be approximately forty acres in size.

The recreation

Directly across the

cove on the east side is planned a fifty-six acre, high-medium density,
one to two houses per acre, residential development.
The recreation plan, prepared by Theodore J. Wirth and Asso
ciates for the Virginia Commission of Outdoor Recreation, states
real concern over the flow of acid and heavy metal-conteiminated
waters from Contrary Creek into the reservoir.

There has been

some concern by Virginia Electric Power Company of damage to the
nuclear power units by deposits of heavy metals.
While the pollution from Contrary Creek is not likely to affect
the dissolved oxygen or pH of the total reservoir, it could easily
cause irreparable damage to the aquatic life of the lake.
In Table IV water sample B, which was taken three-fourths
distance up the Cove, shows a pH of 3,5,

^Theodore J. Wirth and Associates, A Land Use Plan for North
Anna Reservoir, Virginia, Billings, Montana-Chevy Chase, Maryland,
1971, p. 4.
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"The range of pH under which a varied and healthy fish
fauna csin be supported is reported to be between 6,5 and
8 , 2 . The extreme values of pH given eis the survival limits
of fish vary among investigators, but of United States waters
that support a good fish fauna, only 5% have a pH less than
6,7; 50% have a pH less than 7,6; and in 95% the pH is less
than 8 ,3,""^
If nothing is done to control this pollution, then its build-up is
expected to make heavy fish kills in the Contrary Creek cove by 1980,
While heavy metal compounds will settle to the bottom from suspen
sion, spring and fall turnovers of the lake will re-suspend the metals
and thereby cause fish kills.
Obviously, the acid mine drainage with its attendant dissolved
metals is not eliminated, then the recreational value and home site
value of the lake will be seriously endangered,

In addition to the

recreational uses of the lake’s waters, it can be safely assumed that
as populations increase, the demand for potable water may require
using the lake as a public water supply. ^
George M , Simmons, Jr. states in his biological evaluation of
Contrary Creek,
’’The large depositions of the ferric hydroxide
flox reinforces my concern about the accumulation of
this metal as well as others in the New North Anna

^H, B, Gamble, W. H. Long, and U, D, Megli, An Anlysis of
the Relationship Between Stream Water Quality and Regional Income
Generated by Water-Oriented Recreationists, (Philadelphia: Penn
sylvania State University Press, 1971), p. 16,
^Contrary Creek Feaisibility Study, Virginia State Water Control
Board, 1969, p. 10,
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impoundment. Land reclamation of the old mine sites is
certainly the most desirable approach and should put an
end to the decades of erosion, siltation, and heavy metal
drainage into Contrary Creek and the North Anna River."®

Externality Problems of Erosion and Sedimentation
During the past 50 years the 60 acres which make up the mine
areas have been eroding at an estimated rate of ten to twelve tons of
soil loss per acre annually.

This 600 to 700 tons

of annual silt load

has been deposited to varying degrees along Contrary Creek and all
the way to the Chesapeake Bay.

The creek channel, banks and flood

plains, along with some similar areas on the North Anna River, have
been the most severely damaged as the mine pollutants denuded them
of plant growth.

These bare flood plains and channel banks create

a multiplied effect of erosion and siltation when they lose tons of soil
to bottomland scouring and channel erosion during the floods.

So the

final effect is that thousands of tons of silt have been and continue to
be displaced from the area to be deposited in the lower rivers, estu
ary and bay.

This type of damage is indicated in Figures 7 and

8

.

Some 156 acres of these off-site denuded acres have been
covered by the normal pool of Lake Anna.

This still leaves 160 acres

of unprotected soil delivering 1600 to

tons of soil per year to the

2000

Contrary Creek cove, where 80 per cent to 90 per cent of it will be

^George M . Simmons, J r . , A Biological Evaluation of the Upper
Area of Contrary Creek, (Report) Virginia Polytechnic Institute and
State University, January 4, 1972, p. 4.
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Figure 7
Soil erosion on the Boyd Smith Mine site,

Ilk

j# *-

I

!

Figure 8
Stream channel erosion just upstream from the
Highway 522 bridge. This is the site of the
proposed flood control structure.

42
deposited.

These are the acres which must now be controlled from

runoff and seepage to give a degree of pollution abatement which will
render the stream viable for aquatic life and the soils suitable for
plant growth.

Damages to Fish Population
In 1968 an investigation of the fish life in Contrary Creek and a
part of North Anna River was conducted by Norville S. Prosser,
District Fish Biologist of the State Fish and Wildlife Service.

The

investigation included taking a series of rotenone samples, one bottom
sample and water chemistries.

Three rotenone samples were

collected at the following locations:

Station (1) on Contrary Creek at

the Rt. 652 bridge, approximately 2.5 miles from confluence with the
North Anna River (The bottom sample was also taken at this location.);
Station (2 ) on the North Anna River 300 yards above confluence with
Contrary Creek; Station (3) on North Anna River 1.5 miles below the
confluence with Contrary Creek.^

The results are recorded in

Table V I .

^Norville S. Prosser, Results of Fisheries Investigation on
Contrary Creek and North Anna River, 1968, pp. 1-2.
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Table VI
Results of Fisheries Investigation
Contrary Creek and North Anna River

Station
Number
1

I
II

Ill

I

II
I

II
Conclusion:

Results

Samples
Rotenone Sample
Bottom Sample

1 0 0 yards. No fish turned.
No aquatic organisms were
collected in a square foot
bottom sample. A number of
dragonfly nymphs were
observed in the silted sub
strate .

pH Sample

The Hach chem-kit used meas
ures colorimetrically to a pH
of 4.0. The sample taken was
less than 4,0. Estimated at
2-3 pH.

Rotenone Sample

2 0 0 yards.
160 fish; approxi
mate total weight =36.8
pounds, 18 different species
collected, 32 fish six inches
or longer.

pH Sample

6.5

Rotenone Sample

200 yards. 33 fish, approxi
mate total weight = 2 . 1 pounds,
13 different species collected,
3 fish six inches or longer.

pH Sample

6.5

The mine pollutants have destroyed all fish life in
Contrary Creek from the Arminius mine to its junction
with the North Anna River. There is a definite bad
influence on fish life below the confluence of the Creek
for an indefinite distance along the North Anna River.

CHAPTER VII

SOME RESTORATION PROPOSALS
FOR THE MINE AND SPOIL AREAS

Confronting the Problem
The establishment of proper plant cover on the raw mine, spoil,
and bottomland areas will make the biggest contribution toward stabil
ization and reclamation of the four mine sites.

Good plant cover will

minimize the chemical weathering of the pyrite material which is
releasing the iron sulfide through oxidation and causing the high acidity
and heavy metal precipitation.

Also the most effective control for

runoff, erosion, and siltation is establishment of the needed plant
materials.

Structural measures such as diversions, land-smoothing,

and debris basins will be needed to facilitate establishing and maintain
ing plant cover.
Although the four mine sites have differences of area size,
topography, and spoil particle size, the chemical composition of the
surface material and the soil types are quite similar.
indicated by the soils map of Figure 3.

This is

Therefore the plant material

recommendations will be on a composite basis.
The term "critical areas" is used by the SCS to denote actively
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eroding and silt-producing areas, characterized by severe limitations
to plant growth necessary for soil stabilization.

Usually a combina

tion of several factors adds to the complexity of stabilization with a
vegetative cover, such as steepness of slope, erodibility, toxicity,
droughtness, acidity, and low inherent fertility. ^ All of these
constituents of a critical area are present with the four mine sites.
To establish plant cover will require overcoming each of the limiting
factors.
There are many uses for reclaimed mine wastelands.

The one

most suited to the Contrary Creek needs is woodland, as the area is
very rural and the marginal soil capabilities do not lend themselves
to agriculture.

Three of the four principal landowners, Mrs, Mary

Judd, the Glatfelter Pulp and Wood Company and Mrs. Ray Mallory
were contacted in regard to reforestation of the areas and each gave
approval.

Developing the Reclamation Plan
The Thomas Jefferson Soil and Water Conservation District
(SWCD) should take the leadership in developing a complete land
reclamation and conservation plan for the entire mined areas.

This

effort should be completed by the end of 1974 in order to implement

Joseph D. Ruffner and Wilmer W. Steiner, Evaluations of
Plants for Use on Critical Sites, Report to the International Sympo
sium on "Ecology and Revegetation of Drastically Disturbed Areas,"
(University Park, Pennsylvania: University Press, 1969), p. 3.
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the plan during the most suitable application periods of 1975 and 1976.
It is the District’s responsibility to utilize the needed technology and
services of the different federal and state agencies to develop and
implement the plan.

The SCS, which has responsibility for developing

and carrying on a national soil and water conservation program in
cooperation with landowners and operators and other agencies of
government, has the necessary conservation planning and technical
manpower available to assist the District in coordinating the needed
efforts
All planning and implementation efforts must be developed
around a determination of feasibility based on a careful balancing of
the economic cost, the extent of environmental impacts, and the
adequate technology for the type of restoration, rehabilitation, or
reclamation proposed.
’’Rehabilitation does not necessarily mean restoration,
but rather the maximum feasible effort to bring the land
into harmony with the surrounding area.”®
Figures 9,

10

,

11

and

12

indicate the approximate location and

amounts of the needed conservation measures on each of the mine and
spoil areas.

This information was developed from field studies.

It

should be of assistance in developing preliminary economic analysis

p
Public Land Law Review Commission, A Report to the President
and to the Congress, One Third of the Nation’s Land, (Washington,
D. C ., Government Printing Office, 1970) p. 323.
^Ibid., 127.
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Legend

Scale

Road
Stream

1" = 300*

Buildings
Debris
Pool

#

48

«

'It

Figure 10
Boyd Smith Mine Land Use Map
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Figure 11
Sulphur Mine Land Use Map
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Figure 12
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for the restoration project as current local prices are available for
each of the application practices.

Needed Structural Measures
Following are some general recommendations for preparation
of the sites for the establishment of vegetative cover:
1.

Push down that which remains of the old mine buildings

at the Boyd Smith and Sulphur mines.

(See Figure 13.)

Pile

the material, along with the timber cribbing, together and get
rid of it by burying or burning.
2.

Construct approximately one mile of road to facilitate

use of equipment on the Boyd Smith aind Sulphur mines.
are sufficient roads at the other two mine sites.

There

Install a total

of five debris basins and 2200 feet of diversion terraces.

The

amounts and approximate location for each conservation
practice is indicated on the land use maps for each mine site.
All construction work should be done according to SCS standards
and specifications as requested through the Thomas Jefferson
SWCD.

SCS design, layout, and supervision of these installa

tions may be requested by the SWCD,
3.

With the use of heavy equipment, equivalent to a D6

or D7 caterpillar dozer, do a minimum aunount of land smooth
ing of areas too rough for farm seeding machinery to operate
over efficiently.

The three small ponds at the Arminius Mine,
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which were used to settle copper from the mine water by running
the water over scrap iron,must be drained euid the embankments
removed.

One of the settling ponds is shown in Figure 14.

There are two small areas on the Sulphur Mine property
which were used for rock disposal from the mine diggings. (See
Figure 15.) This material ranges in size from four to twentyeight inches in diameter.

It needs to be covered with soil to a

depth of eight to twelve inches and seeded with the rest of the
area.

All borrow material should be taken from the Tatum or

Nason soil type areas, as selected from Figure 3.

The borrow

areas must be reestablished to vegetation as the work is
completed.

Proper surface drainage and erosion control meas

ures must be installed as needed during borrow area operations.
Due to the large number of mine shafts, eight at the
Sulphur mine alone, a careful identification of these openings
and all cave-ins of underground shafts must be made before
any heavy equipment work begins.

Areas which will not support

the weight of the equipment must be carefully delineated and
marked.
4.

After the necessary land smoothing has been done and

the planned conservation measures have been installed, vegeta
tive cover should be established as quickly as possible.

The

disturbance of the pyritic material during construction will
expose it to increased weathering and oxidation, which will
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accelerate the pollution problem.

The terraces and debris

basins will help to control these extra volumes and velocities of
runoff cuid siltation.

These are permanent installations and

they should be established in vegetative cover.

Figures 16 and

17 shows the typical sections of a diversion and debris basin,
of the general type and size which will be needed for this project.
5.

While most of the acidity and heavy metal problems

originate from the runoff and seepage of the spoil and tailings
areas, there are definite flows from the mine shafts at the
Allah Cooper and Sulphur mines.

Bulkheads of concrete, or

some other suitable material, should be used to seal off these
flows which are now dumping directly into the streams.

The

Environmental Protection Agency has stated that, "With regard
to underground mines, the development and trial of bulkhead
seals and sealing techniques should be continued, and mine
flooding practiced where possible.

^Environmental Protection Agency, Research Series DAST-42,
14010 FPR, Acid Mine Drainage Formation and Abatement (Washing
ton, D. C ., Government Printing Office, 1966), p. 3.
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Figure 13
Fallen buildings and mine cribbing at the Sulphur Mine,
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Figure 14
Ohe of the three settling ponds at the Arminius Mine
which must be drained and seeded to grass.

c » %

Figure 15
The mine r'ock disposal sirea at the Sulphur Mine
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TEMPORARY INTERCEPTOR DIVERSION
FOR GRADED RIGHT-OF-WAY
FOR USE ON DRAINAGE AREAS OF 5 ACRES OR LESS. LARGER AREAS REQUIRE
A DIVERSION DESIGN.

Graded RIght-of-Way

2:1 or flatter slopes
GROSS SECTION

2' min
R.O.W.
Slide
2:1 or flatter

Upslope Toe
Outlet onto stabilized area
PLAN VIEW

DESIGN CRITERIA
Top width - 2 ft. min.
Height - 18 in. unless otherwise noted on the plans (measured from the
slope toe of the ridce).
Side slopes - 2:1 or flatter (flat enough to allow construction traffic
to cross i f desired).
Grade - 0.5% to 1.0%
Spacing - 200 to 300 feet between diversions. (The steeper the slope,
the closer the spacing should be.)
GENERAL NOTES:
1. Top width may be wider and side slopes may be flatter, i f desired.
2. Field location should be adjusted as needed to provide a stabilized
safe outlet.
3. Diverted runoff shall outlet onto an undisturbed stabilized area, a
prepared level spreader, or into a slope protection structure.
4. Periodic inspection and required maintenance must be provided.

No Scale
Figure 16

: PERFORATED
CORRUGATED
METAL RISER
ROCK
CONE
FILTER

' MIN.

MIN.

MIR

RISER
I
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Establishment of Vegetation
The harshness of the barren mine areas toward a n y type of plant
growth is caused by the extremely high levels of acidity (low pH);
toxicity of the heavy metal concentrations such as zinc, aluminum and
copper; and the poor soil conditions which consist of low water infiltra
tion rates, low fertility levels, and poor aeration.

Consideration is

being given to several ways of overcoming the above conditions.

This

work is being coordinated by the Virginia Soil and Water Conservation
Commission in an attempt to arrive at an economically sound solution.
The ideas and contradictions of each idea by this paper are listed
below.
5
Ideas
1.

Cover spoil, slag piles with

Contradictions
2.

This would cost approximately

topsoil, so as to seal out

$2,500 per acre, considering

air and water.

a 6 inch layer of topsoil at a
cost of $5 per ton in place.

The

cost of seedbed preparation and
seeding would be extra.

Also

there would be costly environ
mental deterioration to the
areas from which the topsoil
was removed.

5
Prefeasibility Planning, Contrary Creek, Virginia Soil and
Water Conservation Commission, 1971, p. 5.
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2,

Remove spoil/slag piles

2.

and reclaim denuded areas.

The cost of removal would be
prohibitive.

Using the low esti

mates of a 1 foot depth, weigh
ing 1000 tons per acre, at a
cost of $3 per ton for the 160
acres, the total cost for removal
alone would approach $500,000.
This method would not be envir
onmentally sound, as the prob
lem would then be transported
to some other area.
3.

Treat complete stream flow

3.

This solution might take care

at some point below the

of the acidity and heavy metal

mines.

problems below the point of
tre a tm e n t,

s ilta tio n

tin u e ,

b u t th e e r o s io n a n d

p r o b le m s w o u ld

A ls o th e t r e a t m e n t w o u ld

r e p r e s e n t a c o n tin u in g

w h ic h m ig h t e x c e e d

a b le

fe w

con

cost

an y re a s o n 

b e n e fit-c o s t r a t io w ith in

a

y e a rs .

A material with a high buffering capacity for the different causes
of the limiting factors, which have been pointed out previously in this
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paper, seems to be the best answer for revegetation of the mine areas.
Anaerobically digested liquid sewage sludge, from secondary sewage
treatment, fits the description of the needed material.

Municipal

liquified sludge is slightly alkaline (pH 6.8 - 7.2) and is highly
enriched with dissolved minerals; hence, it will counteract acidity and
low fertility.

Application of the effluent should also leach acids

and

toxicants belcw plant rooting depth and provide the necessary moisture
for survival and growth of vegetation.

Evaporational cooling made

possible by the high water content will help to moderate surface
temperatures.

Applying liquid digested sludge could provide organic

colloids to detoxify the soluble metals, and provide a moistureretentive organic medium for seed germination.®
Liquid sludge generally is around 95 per cent water and 5 per
cent solids in content.

It contains all of the sixteen elements which

are essential to plant growth, but not in the proportions of a balanced
plant food.

Studies were done on the chemical composition of sewage

effluent at the University of Pennsylvania which was applied during the
period of April 15, 1969 to October 29, 1969.

The fertilizer value

of the total effluent application was readily evident in that the two inch
per week application provided commercial fertilizer constituents
equivalent to approximately 271 pounds of nitrogen, 151 pounds of

®L. T . Kardos and W . E. Sopper, "Municipal Wastewater Aids
Revegetation of Strip-Mined Spoil Banks,” Journal of Forestry, Vol.
70, No. 10 (October, 1972), pp. 612-15.
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phosphate (P2 O5 ), and 210 pounds of potash (KgO). This would be
equal to applying 2000 pounds of a 13-8-10 fertilizer.^
Since good grass growth can be expected from annual application
rates of 100 pounds of nitrogen, 80 pounds of phosphate and 100 pounds
of potash on these soil types, it would appear that sufficent plant food
can be obtained by applying 50 to 60 per cent of the amount of effluent
used in the University of Pennsylvania experiments, Wet sludge can
be disposed of on the land and with the addition of liquified sludge, on
a 50 per cent basis to the effluent, the plant food quality of the applica
tion will be improved.

The approximate nutrient ration of sludge is

33-18-4,® which will increase the nitrogen content of the mixture.
This is very desirable, since nitrogen is susceptible to loss by leach
ing, and at the same time it is so vital to plant growth.
In addition to the plant nutrients the sludge is a good source of
organic matter which will increase the water-holding and erosionresisting capacity of the soil.

At the same time this addition of humus

will create a favoraüDle environment for bacteria and other life giving
soil organisms which is presently void in the mine spoils.

This ability

^William Sopper, Spray Irrigation of Sewage Effluent and Sludge,
University of Pennsylvania, Institute of Research on Land and Water
Resources, Reprint Series No. 27.
®C. Hendricks, Palzo-A Project in Acid Land and Water Restor
ation Via Recycling of Treated Waste, a talk given at the 27th Annual
Meeting of the Soil Conservation Society of America, Portland,
Oregon, August 7, 1972.
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to improve the overall condition of the soil for plant growth makes the
effluent-sludge combination vital to the reclamation project.
The liquid sludge is available from the city of Charlottesville, a
distance of some forty miles.

The city’s sewage capacities were

overtaxed in January, 1973, when a tour of the plant was made by the
author,

M r. Cecil G. Haney, city engineer for the sewage systems,

stated that twenty thousand to thirty thousand gallons of liquid sludge
were being produced daily.

He felt that the city would transport the

material to the mine sites at no cost, as a means of establishing a
demonstration of sewage recycling for the central Virginia area.
At the site the sludge would have to be unloaded into lined holding
pits or portable tanks, or possibly both, depending upon the needs.
There is already a thirty foot diameter by twenty foot deep pit located
just above the large pile of timber cribbings at the Sulphur Mine.
This pit should be lined and used as the main storage reservoir.

It

will hold approximately 106,000 gallons, enough for a four to five day
yield from the Charlottesville plant.
have to be constructed over the pit.

Of course a safety top would
A tanker truck could serve as the

portable tank and Charlottesville has one in use at the present time.
The following two methods, or a combination of the two, are
suggested for application of the liquid sludge:
1.

Sprinkler irrigation.

The effluent would be applied

through rotating, low pressure sprinkler nozzles at
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approximately 0,5 inch per acre per hour.

The areas

should receive one to two inches per week, starting
two weeks before seeding and continuing until the
plants are fully established.

Application would be

made thereafter in accordance with plant food and
drought needs.
The necessary pumps, agitators, and filter
screens would have to be used within the portable
sprinkler system and the holding tanks or pit, in order
to keep the sludge liquified and to furnish the needed
pressure.

This portability would require a certain

amount of hand labor to move the irrigation system,
but it would also permit coverage of all the areas.
2.

The other method of application is by use of a portable
sludge tank spreader and injector, such as that manu
factured by the Clay Equipment Company of Cedar
Falls, Iowa.

The City of Charlottesville bought one

of the machines in 1972 and M r, Haney stated that he
was highly pleased with its performance.

Figure 18

shows the equipment in both methods of operations
being pulled by a farm tractor.
The tank has a capacity of 1500 gallons and fills in four to twelve
minutes, depending upon fluid viscosity.

It is equipped with a dual

purpose pump which loads and unloads the tank.

The pump may also

Figure 18
Sludge Tank Applicator
Liquid sludge is being applied below ground
surface in the picture on the left.
Liquid sludge being applied on the ground
surface in the picture belcw.
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be used as an agitator in the storage reservoirs.

For surface spread

ing, one load covers about one-half acre, with a spreading capacity of
8,000 to 10,000 gallons per h o u r T h e spread width is twenty to
thirty feet, which could be used to advantage along the top edge of
steep slopes, especially on the spoil piles.

With use of this equipment

the piles could be left intact by doing just enough dozer work to move
the machinery across the top.
The tanker is also equipped with two liquid sludge injectors which
are spaced six feet apart.

They inject the liquid ten inches below the

ground surface at the rate of one-half gallon each per linear foot.
If this method is used, liquid sludge should be applied by injection
at one foot intervals along the contour of the land before seeding.

After

seeding the surface spreader would be used to apply the liquid at the
rate of one to two inches per week except when the soil is too wet for
use of equipment.
In regard to cost, following are some figures developed by the
Metropolitan Sanitary District of Greater Chicago.

^Liquid Manure Systems, Clay Equipment Company, Cedar Falls,
Iowa, 1972, pp. 1-5, Bulletin No. MT-308-A.
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Costs of Disposal Methods of Activated Sludge
Types of Disposal

Cost per Equivalent Dry Ton

Drying and sale as fertilizer

$60.00

Wet A ir oxidation

50,00

Dewatering and Incineration

57.00

Digestion and permanent lagoons

49.00

Digestion and reclamation of farm lands

15.00

Digestion and reclamation of strip mines

16.00

At the application rates suggested above, there should be no
pollution problems from the liquid sludge, as the rates are well within
those used in the experiments at the University of Pennsylvania with
no ill effects.
The Tatum and Nason soils have a 35 per cent to 50 per cent
clay content in the B horizon with a nine to twelve cation exchange
capacity, according to Richard Coggins, Virginia State Soil Scientist
for the SCS, Although this is a somewhat low cation exchange capac
ity, the fifty plus inches of soil profile and the moderate per cation
rate should combine to be a sufficient buffer medium through which the
effluent infiltrates must pass.

Also digestion of sewage sludge, such

as is available from Charlottesville at 95° F to 100° F for 30 days,
reduces the concentration of coliform organisms by as much as 99,8

lOjames O. Evans, "The Soil as a Resource Renovator,"
Environment Science aind Technology, Vol. 4, 1970, pp. 732-35.
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per cent and the biochemical oxygen demand (BOD) by 90 per cent. ^^
Digestion therefore leaves but a fraction of the pollution load in the
sludge.
Nevertheless a monitoring system is recommended for periodic
sampling formatais, nutrients, specific conductaince, pH, and coliform
organisms.

This cam be done quite readily at the overflow of each

debris basin on the individual mine sites.
If the runoff from the areas has become environmentally unac
ceptable , the silt debris basins could be converted into holding ponds
by replacing the perforated riser shown in Figure 17 with a solid
riser.

Then from these ponds the runoff could be sprayed back over

the established vegetation.

This would give further breakdown and

deterioration of the offending materials.

Plant Materials
Field trials for different plant materials were started in the
early sixties by the SCS and the Virginia Forest Service at the Boyd
Smith and Sulphur mines.

In April, 1964 SCS established sixteen

grass plots of 1/100 acre size in which Kudzu, native Bermuda grass,
Ky. 31 Fescue, Sericea Lespedeza, and wheat were used at recom
mended seeding rates.

Different treatments were as follows:

^^Gordon M . Fair and Karl Imhoff, Sewage Treatment, (New
York, N. Y ., John Wiley & Sons, Inc., 1966), p. 298.
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Note:

Fertilizer

500 and 100 pounds of
10-10-10 per acre

Ground Limestone

2 and 4 tons per acre

Straw and hay mulch

2 tons per acre (heavy)
1%tons per acre (medium),
1 ton per acre (light),
5ind no mulch.

The fertilizer and lime were worked into the top four
inches of soil before seeding and the mulch was applied
after seeding.

Results:

Plant survival studies made in October, 1966 revealed

that only Ky. 31 Fescue and a few plants of Kudzu had survived at the
following rates:
1,

Heavy mulched plots

90 per cent survival

2,

Medium mulched plots

65 per cent survival

3,

Light mulched plots

40 per cent survival

4,

No mulch plots

zero survival

Figure 20 shows a Fescue and Kudzu plot in 1972.
There was no visible difference between plots which had received
different application rates of lime and fertilizer.

The conclusion was

that the hot, dry summers and imperviousness of the soil material to
water intake were the limiting factors for seed germination and plant
survival.

The mulch gave the necessary protection factor when

applied at 1.5 to 2 tons per acre.

Greenhouse and field experiments

in Maryland and West Virginia have shown that mulching is usually
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Figure i9
One of the grass experimental plots at the
Bo^ Smith Mine. Taken in the spring of
1972.

Figure 20
One of the tree tra il plots at the Boyd Smith
Mine. Virginia pine and Autumn Olives are
seen in the foreground.
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essential on mine spoils for germination and seedling establishment.^^
The Virginia Forest Service conducted trials with certain shr*ubs
and trees.

Plant survival studies were made in April, 1967 which

showed the following results;
Plant

.

Per cent Survival

1

Autumn Olive

2.

Mountain Indigo

100

3.

Speckled Alder

80

4.

Black Walnut

0

5.

Loblolly Pine

20

6.

Virginia Pine

100

7.

Sawtooth Oak

40

30

A field check in May, 1972 showed good survival of the Virginia
Pine and Mountain Indigo, but definite deterioration of the other plants,
Figure 21 shows one of the plots with Virginia Pine and Autumn Olive.
Seeding recommendations:

seed a mixture of 40 pounds of Ky.

31 Fescue and 4 pounds of Weeping Lovegrass per acre on all areais of
each mine site on which the slope will permit the operation of machin
ery.

On the areas which are too steep for machinery, plant 1200

Virginia Pine seedlings per acre.

The Weeping Lovegrass is a short

lived, warm season perennial which gives quick cover.

It is drought

^^James O. Evans, "The Soil as a Resource Renovator," Envir
onment Science and Technology, Vol. 4, 1970, pp. 732-735.
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tolerant and can survive at acidity levels down to pH 4.0.
for use on soils of low fertility.

It is adapted

Also this is one of the few grasses

which has reseeded and maintained fairly consistent stands on the coal
mine spoils of Virginia, West Virginia and Kentucky.
The Ky. 31 Fescue is a cool season grass which is tolerant of
drought, low fertility, and pH levels down to 5.0.

It is slow to get

established, usually taking two years, but provides excellent soil
cover when mature.
This mixture must be seeded between April 15 and May 15 on a
prepared seedbed.

The Lovegraiss will give the necessary cover until

the Fescue matures.
After seeding, a mulch of 1.0 to 1.5 tons of straw per acre
should be applied with an asphalt "tiedown” being used as necessary.
A lighter application of mulch and asphalt can be used on the bottom
lands because of the better moisture relationship of the soils.

No

mulch will be required on the bottomlands which have six inches or
less mine spoil overlay, since this material will be mixed with the
original soil during site preparation.
If woodland is to be the climax cover of the areas to be vegetated,
then Virginia Pine seedlings should be planted during the spring follow
ing the grass seeding.

The tree planting could be a project of civic

groups or scout troops and implemented over a period of two to three

^^Ruffner and Steiner, Evaluation of Plants, op. c it., p. 18.
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years.

A planting rate of 800 pine seedlings per acre should be

sufficient, as the trees will be well established before the grass cover
deteriorates.

The seedlings should be one year of age and six to eight

inches in height when ready to plant.

Transplanting will slow their

growth for the first two years; therefore, a small area should be
scarified around each planted seedling to reduce the grass competion.
After the second year the average height-age relationship of the
Virginia Pine is around eight feet in five years and eighteen feet in
ten years. ^^

K. Slocum and W. D. M iller, Virginia Pine, North
Carolina Agriculture Experiment Station, Technical Bulletin 1. No.
100, July, 1953.

CHAPTER VIII

FLOOD CONTROL AND
REDUCTION OF SEDIMENTATION

As an alternative to the conservation structural measures of
debris basins and diversions a flood control dam with a sediment pool
could be installed.

This dam should be located just above the Highway

522 bridge, ais shown on Figure 11,

This location would be downstream

from approximately 90 per cent of theproblemarea and one mile
upstream from the normal pool

of theNorth Anna Lake.

Following is the preliminary engineering data for the proposed
dam.

It was developed with the assistance of A. J. Ramey, Assistant

Watershed Planning Engineer, SCS, Richmond, Virginia.

Contrary Creek W/S
Structure Number 1
Drainage Area

3407 acres

Design Storm Frequency

100 years

Elevations:
Stream bed at damsite

275.0

Bank at damsite

280.0
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Normal sediment pool

302.0

Emergency spillway crest

318.3

Designed high water

319.4

Spillway freeboard

322.8

Top of dam

322.8

Principal spillway upper invert

278.0

Principal spillway lower invert

276.0

Top of riser

302.0

Normal sediment pool area
Flood pool area
Flood storage
Sediment storage
Principal spillway pipe size

44 acres
145 acres
1805 ac. ft.
323 ac. ft.
30 inches

Pipe length

240 ft.

Maximum pipe discharge

120 cfs.

Emergency spillway width

200 ft.

Earth fill, embankment
Estimated cost (at current prices
April 9, 1973)

45, 100 cu. yds

$86,546.00

The silt trap efficiency of the structure is 90 per cent.

This

would give relief from most of the pollutants, such as silt, nutrients,
and heavy metals as they settle out in the normal pool.

A single

monitoring station at the principal spillway overflow would be sufficient
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for environmental readings if this alternative is decided upon.

The

forty-four acres under the normal pool would be cut off from the
process of harmful pyrite oxidation, and the stream banks and flood
plains belcw the structure would be protected.
This alternative would not replace the need for establishing
vegetative cover on the denuded areas.

CHAPTER IX

CONCLUSION

If the pollution problems on Contrary Creek are to be solved,
then some local or state agency needs to administer the state's respon
sibility and participation in the planning and implementation of the job.
The Thomas Jefferson Soil and Water Conservation District,
working through the Virginia Soil Conservation Commission, is the
proper organization for this teisk.

The District is known and respected

by the people and businesses of the area, and it has memoranda of
understanding with all the necessary state and federal agencies.

The

District has had thirty-five years experience of land use planning and
resource development, which will help in getting the necessary coordi
nation and participation that will be required.
The District should do everything possible to assist the State
Water Control Board in obtaining the demonstration grant, under
Section 14 of the Federal Water Pollution Control Act as amended in
1970, from EPA.

This may require strong public support, since

current national budget cuts have been hard on environmental programs.
The grant is vital toward getting a start on the reclamation project.
There is enough information available from past studies euid
76
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experiments to develop a reclamation plan.

This should be done as

soon as possible. With a detailed plan, a lot of ground work can be
done while waiting for the demonstration grant.

All necessary land

rights could be obtained and recorded. Working agreements with the
city of Charlottesville could be developed and needed manpower from
the different agencies scheduled.
A vcist amount of study and work is currently being carried out
to try and determine the best means of controlling the environmental
pollution caused by mining operations in the United States.

Pennsyl

vania, West Virginia, Kentucky and Illinois have taken the initiative
in this field.

The best experimental reclamation results have been

with the establishment of vegetative cover through the use of sewage
effluent and sludge in Pennsylvania and Illinois.
With an annual production of 3 billion tons of mine tailings and
spoil being produced in this country, the need for proper reclamation,
rehabilitation or restoration becomes quite clear. ^ Two of our major
environmental problems, what to do with the large quantities of treated
sewage and how to return thousands of acres of worthless mine areas
to production, can be substantially reduced through the use of the
simple conservation measures and recycling processes outlined in
this paper.

This very real need for the recycling of sewage will make

^R. L. Heilbroner, The Making of an Economic Society, Engle
wood Cliffs, New Jersey: Prentice-Hall, Inc., 1972), p. 8.

78
this so-called waste product of our society a real asset as a resource
material.
"As an awareness of the usefulness, simplicity,
finality, economy, and subsequent productivity eissociated
with or resulting from the disposal of sewage by application
to land becomes more commonplace, a significant increase
in the popularity of the practice can be expected,"^
The time is now for the Contrary Creek mine areas to be used
as an example to the nation of what can be done to reclaim mine spoil
areas.

^James O. Evans, The Soil as a Resource Renovator (Washington,
D. C ., U .S. Government Printing Office, 1970), p. 735.

BIBLIOGRAPHY

Adams, W. H, The Pyrites Deposits of Louisa County, Virginia.
American Institute of Mining Engineers Transactions, Vol 12,
1882.
Bennett, O. L. ; Jones, J. N.; Arminger, W. H.; and Lunberg, P. E.
New Techniques for Revegetation of Strip Mine Areas. 1972.
Bower, R. F . and Schwarberg, T . M . Geohydrologic Water Quality
Relationship in the Contrary Creek Area. Report of the Virginia
Division of Water Resources, Richmond, Virginia: 1972.
C la y E q u ip m e n t C o m p a n y .

Iowa, 1972.

L iq u id M a n u r e

S y s te m s , C e d a r F a lls ,

Bulletin No. MT-308-A.

Commoner, Barry. The Closing Circle.
Knopf. Inc., 1971.

New York, N. Y .: Alfred A.

Division of State Planning and Community Affairs. Economic Data
Summary Louisa County. Richmond, Virginia: 1969.
Ehrlich, Anne H. and Ehrlich, Paul R. Population, Resources,
Environment, U .S .A .: W. H. Freeman and Co., 1972.
Environmental Protection Agency. Acid Mine Drainage Formation
and Abatement. Research Series DAST-42, 14010FPR,
Washington, D. C.: U. S. Government Printing Cffice.
E v a n s , J c im e s C .

D. C.:

T h e S o il a s a R e s o u r c e R e n o v a to r .

W a s h in g to n ,

U . S . Government Printing CfFice, 1970.

Fair, Gordon M . and Imhoff, Karl. Sewage Treatment.
N. Y .: John Wiley & Sons, Inc., 1966.

New York,

Gamble, H. B.; Long, W. H.; and Megli, L .D , An Analysis of the
Relationship Between Stream Water Quality and Regional Income
Generated by Water-Criented Recreationists. Philadelphia, Pa.
Pennsylvania State University, 1971.
Grosh, W. A. Investigation of the AlleJi Cooper Lead-Zinc Mine.
Bureau of Mines, 1970.

79

80
Heilbroner, R. L. The Making of an Economic Society.
Cliffs, New Jersey: Prentice-Hall, Inc., 1972.

Englewood

Kardos, L. T . and Sopper, W. E. "Municipal Wastewater Aids
Revegetation of Strip-Mined Spoil Banks." Journal of Forestry.
Vol. 70, No. 10 (October, 1972).
K/atz, Arthur S. "The Mineralogy of the Sulphur Mine."
Thesis, University of Virginia, 1961 .

Unpublished

M iller, W. D, and Slocum, G. K. Virginia Pine. North Carolina
Agricultural Experimental Station, Technical Bulletin No. 100,
July, 1953.
Minutes of the Soil Conservation District Meeting on Contrary Creek,
James Madison Building: Louisa, Virginia, October 13, 1971.
"Palzo - A Project in Acid Land and Water Restoration Via Recycling
of Treated Waste." by James G. Hendrick, Speech given at
Annual Meeting of Soil Conservation Society of America,
Portland, Oregon, August, 1972.
Prosser, Norville S. Results of Fisheries Investigation on Contrary
Creek and North Anna River. 1968.
Public Land Law Review Commission. One Third of the Nation's Land.
Report to the President sind the Congress, Washington, D. C.
1970.
Ruffner, Joseph D. and Steiner, Wilmer W . Evaluation of Plants for
Use on Critical Sites. Report to the International Symposium
on "Ecology and Revegetation of Drastically Disturbed Areas."
University Park, Pennsylvania, 1969.
Simmons, George M ., J r. Lake Anna Pre-Impoundment Study.
Blacksburg, Virginia: Virginia Polytechnic Institute, 1970.
Sopper, William. Spray Irrigation of Sewage Effluent and Sludge .
University of Pennsylvania, Institute of Research on Land and
Water Resources, Reprint Series No. 27.
USDA - SCS and Virginia Agricultural Experiment Station. Soil
Survey of Orainge County, Virginia. Washington, D. C .: U. S.
Government Printing Office, 1971 .

81
USDA - SCS and Virginia Polytechnic Institute euid State University.
Report No. 16. Soils of Louisa County, Virginia. Washington,
D. C. : U. S . Government Printing Office, 1972,
Virginia State Water Control Board. Contrary Creek Feasibility
Study. Richmond, Virginia: 1972,
Watson, T , L. Mineral Resources of Virginia,
J, P. Bell Co,, 1907,

Lynchburg, Va, :

Wirth, Theodore J, and Associates, A Land Use Plan for North Anna
Reservoir, Virginia, Billings, Montana and Chevy Chase,
Maryland : 1971,

